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Abstract
This study was developed to determine the distribution and fate of crude oil spilled from
the Deepwater Horizon oil rig starting on April 24, 2010. Crude oil from this spill contaminated
portions of Fourchon Beach, Louisiana which was the study site for this thesis. Understanding
the fate processes that affect crude oil once it’s released is important because the compounds
that comprise oil can be hazardous to humans and wildlife.
Composite and small surface residual ball (SSRB) samples were collected from the
supratidal zone of Fourchon Beach and analyzed for PAHs and alkanes. Alkane concentrations
decreased significantly over time, while PAH concentrations demonstrated little to no signs of
degradation. High dynamic resolution images of the sampling areas from the supratidal zone
were analyzed for distribution of oil using advanced image processing and 16 of the 36
sampling areas had a 1% or greater coverage of oil. The oil coverage data based on image
analysis was tested for statistical normality, log normality, and gamma distribution. The data
failed both the normality and log normality tests, but passed the gamma distribution test
resulting in a mean of 3.2% and 0.6% and standard error of 1.1% and 0.2% in Zones 3 and 2
respectively.
SSRB, buried oil, and tarball samples were collected from the intertidal zone of
Fourchon Beach. SSRB concentrations from the intertidal zone showed minor decrease over 4
months of sampling. However, total PAHs and total alkanes in SSRBs from intertidal zone were
significantly lower when compared against SSRBs in the supratidal zone. Buried oil samples
collected closest to the shoreline and those taken on the later sampling dates had a lower

vii

concentration of PAHs and alkanes than those collected at earlier sampling dates and further
away from the shoreline. Tarball samples collected in the intertidal zone demonstrated
decreasing concentrations of PAHs and alkanes over the course of the sampling dates. These
results indicate that degradation of crude oil at Fourchon Beach is occurring, but future
sampling needs to occur at Fourchon Beach to determine the long term impacts of the oil
deposited there.

viii

Chapter 1 - Introduction
1.1 Crude Oil Spills
Crude oil has been extracted and used as a source of fuel for more than 75 years. In
2007, it was estimated that approximately 1,128 billion barrels of conventional oil (crude oil,
condensate, and natural gas liquids) was produced globally, and global production has
increased at an average of 1.5% per year since 1996 [1]. Traditionally, most of the oil extracted
from the Earth came from onshore sources or shallow offshore reservoirs. Today, it’s
estimated that 40% of global crude oil extraction is conducted offshore [2]. This makes
offshore and onshore crude oil extraction and production locations susceptible to minor and
major oil spills from extraction, production, and transportation operations. This susceptibility
was exposed on April 24, 2010 when the Deepwater Horizon, oil rig exploded in the Gulf of
Mexico and released crude oil. 60,000 barrels per day of crude oil was released over a period
of three months.

1.2 Characteristics of Crude Oil
Crude oil is mostly comprised of hydrocarbons, so hydrocarbon contamination is often
associated with oil spills. When spills do occur, depending on the product type, volume of
product spilled, and spill conditions, mild to severe hydrocarbon contamination of soil, air, and
water/groundwater can occur [3]. The aforementioned media can transfer hydrocarbons to
marine and terrestrial wildlife, humans, and vegetation, which can be adversely affected.
Several of the compounds that make up crude oil are known or suspected human and/or
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wildlife carcinogens, teratogens, and mutagens [4, 5]. According to Perez-Cadahia et. al. (2006)
other health effects of hydrocarbons included hematoxicity, immunotoxicity, cytotoxicity,
malignant tumors, and damage to macromolecules.
Crude oil is a complex mixture of organic compounds. The exact combinations and
concentrations of these compounds are dependent on the origin of the stock of crude oil from
where it is derived. Classification of crude oil types are dependent of the performance rather
than the crude oil’s chemical makeup and are usually identified by viscosity, cetane number
(ignition quality performance standard), specific gravity, boiling point, and flash point [3].
Another parameter used to identify crude oil is the API (American Petroleum Institute) specific
gravity number. The API specific gravity is gradated in degrees using a hydrometer, and is used
for measuring the relative density of crude oil [6].
Crude oil is comprised mainly of carbon and hydrogen with the possibility of sulphur,
oxygen, and nitrogen present in small amounts [3, 7]. The carbon and hydrogen atoms that
comprise crude oil can form compounds that only contain these two elements in multiple
arrangements. These hydrocarbons can be broken up into four categories: saturates which
include the aliphatic compounds such as the n-alkanes, aromatics that include the polycyclic
aromatic compounds, resins, which are large molecules that give oil its stickiness, and
asphaltenes, the heaviest component in crude oil [3, 7]. Aliphatic compounds lack a benzene
ring type structure and aromatic compounds contain this structure. Aliphatic compounds
include alkanes, alkenes, and cycloalkanes. Hydrocarbons in the aromatic class include
polycyclic aromatic hydrocarbons. Polycyclic aromatic hydrocarbons were the focus of my
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research because of their environmental and health concerns. Alkanes were included because
they represent an important component of the biodegradable oil fraction.
Although they were not analyzed in this study, asphaltenes and resins are other
important compound of crude oil. Asphaltenes and resins are the surface-active components of
crude oil that can lead to the formation of stable emulsions, an important feature of MC252 oil
reaching the coast. Crude oil containing high asphaltene concentrations are typically high in
viscosity, molecular weight, and aromaticity which can influence the fate and transport
processes for the oil during oil spills and/or releases.

1.3 Components of Crude Oil
This thesis will focus on 2 important classes of crude oil components, polycyclic aromatic
hydrocarbons (PAHs) and n-alkanes, hereafter referred to as alkanes. PAHs are a class of
semivolatile organic compounds found in crude oil. PAHs contain unsaturated compounds with
at least one benzene ring. The side chains of PAHs can be saturated or unsaturated. PAHs can
be classified as pyrogenic, derived from combustion sources, petrogenic, derived from crude
oil, or biogenic, generated by biological processes or the early stages of diagenesis in marine
sediments [8]. Pyrogenic PAHs tend not to have side chains on the PAH rings, while petrogenic
PAHs are dominated by methyl and alkyl substituted PAHs. One way biogenic PAHs are
identified is by the common presence of the PAH perylene, which is produced in the early
diagenesis process [9].
PAHs are classified as persistent organic pollutants or POPs. POPs are families of
chemicals that are typically hydrophobic, lipophilic, and have long half-lives in air, sediments,
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soils, and biota [10]. Polycyclic aromatic hydrocarbons are significant because once released
into the atmosphere or aquatic systems, they are subject to deposition in soils and sediments
because of their high octanol/air partition coefficients (KOA) and low vapor pressures (PL) [11].
This allows PAHs to be retained in soil or sediments for an extensive period of time, which is the
main reservoir for PAHs in the environment. Although polycyclic aromatic hydrocarbons
represent a small percentage of total crude oil composition, they are one of the most toxic
components of crude oil [12].
Alkanes or paraffins are a common component group found within crude oil
hydrocarbons. Alkanes are saturated compounds consisting of carbon and hydrogen in
exclusively single bonds. The length of alkane chains is an important factor in assessing the
biodegradation of these compounds in crude oil [13]. Intermediate length alkane chains
typically biodegrade more readily, and alkane hydroxylase is a key enzyme in this
biodegradation process. Alkane hydroxylase works by introducing oxygen atoms from
molecular oxygen into the alkane substrate [13]. Alkanes are essentially non-toxic.

1.4 Hydrocarbon Toxicity (Wildlife and Human)
Toxic hydrocarbons that comprise crude oil can affect different species of wildlife in
various ways. Fish, seabirds, reptiles, and aquatic mammals are among the affected wildlife. In
freshwater, marine, temperate, and tropical species of fish, oil induced embryo larval toxicity
can occur. Jaw reductions, pericardial and yolk sac edema, and curvature of the body are some
of the most prevalent characteristics associated with embryo larval toxicity [14]. Weathered
crude oil enriches the fraction of tricyclic PAHs and their alkylated homologs which increases

4

the frequency of malformations in fish. Delayed mortality has also been known to occur in fish
that lack external malformations [14].
Seabirds that live along the coast are especially susceptible to the effects of an oil spill.
In studies done after the November 2002 Prestige oil spill, which affected Northern Portugal to
France, seabirds exposed to crude oil displayed higher levels of mortality and sublethal
problems. One problem was higher levels of total PAH in the seabird’s system versus the same
species of seabirds that weren’t exposed to the oil [15].
Sea turtles are excellent indicators of environmental contaminations because of their
long life spans ranging from 50 to 70 years and generally sedentary lifestyle [16]. Chronic
exposure to hydrocarbons in crude oil can affect turtle embryos, hatchlings, and adults. In
embryos and hatchlings, hydrocarbons can cause developmental abnormalities and death.
Abnormalities include a deformed tail, misshapen scutes, missing limbs, developmental
asynchrony, lack of pigmentation, missing plastron or carapace, gastrotrichsis, and unfused
skulls. The last two abnormalities can be lethal [16].
Crude oil toxicity not only affects various forms of wildlife, but it can also be extremely
harmful to humans. One particular concern is the ability of a fraction of crude oil to volatilize
because it belongs to a class of toxicants known as volatile organic compounds or VOCs [4].
This means that the vapor pressure of components that make up crude oil is low enough to
volatilize once they are released to the atmosphere. This is especially dangerous to oil spill
cleanup workers who inhaled the harmful VOCs as they mitigate the spilled oil.
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Chronic exposure to PAHs can also be harmful to humans because they are known
human carcinogens [4]. The chemical structures of PAHs have a great affinity for the
nucleophilic center of big macromolecules like RNA, protein, and DNA. They reside inside the
DNA structure forming covalent links, and this constitutes a key process in chemical
carcinogenesis. These compounds can induce malignant tumors that primarily affect the skin
and other epithelial tissue.
1.5 Research Objectives
The intent of this thesis is to obtain a better understanding of the distribution and fate
of crude oil on a coastal headland beach. The specific objectives below will be presented as
two separate papers:
(i)

The first research objective is to understand the distribution of MC252 on the
surface of the supratidal beach environment, particularly to develop a
relationship between the surface coverage and mass. This data is discussed in a
paper entitled “Distribution and Fate of Residual Oil on the Supratidal Beach
Environment” presented as Chapter 2 in the thesis.

(ii)

The second research objective is to understand the degradation of PAH and
alkane concentrations over time in the supratidal and intertidal zones of
Fourchon Beach. This data is discussed in a paper entitled “Compositional
Changes of MC252 Crude Oil across Coastal Headland Beach
Microenvironments” presented as Chapter 3 in the thesis.
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Chapter 2 – Distribution and Fate of Residual Oil on the Supratidal Beach Environment
2.1 Introduction
On April 20, 2010, the oil rig, Deepwater Horizon, located 45 miles southeast of Venice,
Louisiana at Mississippi Canyon block 252 (MC252) in the Gulf of Mexico exploded and sank
causing a release of crude oil. An estimated 60,000 barrels per day of crude oil was released
into the Gulf of Mexico from April 20, 2010 to July 15, 2010 [17]. Oil from the spill impacted a
large area of the northern portion of the Gulf of Mexico and eventually reached the coastlines
of Louisiana, Mississippi, Alabama, and Florida. Affected environments included marshes,
mudflats, and beaches; including the 12.8 mile Caminada Headlands beach in Louisiana. MC252
oil reached the Caminada Headlands beach, consisting of Fourchon Beach and Elmer’s Island,
on May 20, 2010.
The Fourchon Beach environment is extremely dynamic, with tidal and wave action
continually reworking the beach and dunes. This beach is one of the most rapidly eroding
coastlines in the U.S. [18]. After the oil reached the beach, waves and high tides associated
with 2 tropical weather events, Hurricane Alex (June 2010) and Tropical Storm Bonnie (July
2010) served to move the oil into the supratidal beach and marsh environments. The supratidal
zone of the beach is located from just above the high tide mark extending upland [19]. This
zone is rarely underwater, but can receive moisture from storm events and spray from wave
action on the beach [19, 20]. Previous studies have shown that oiling in the supratidal zone is
more persistent, and that natural degradation processes are slower in this zone compared to
the intertidal zone [20].

7

MC252 reaching the shoreline was primarily in the form of a water-in-oil emulsion.
Emulsions or “chocolate mousse” are formed when water combines with oil, resulting in the
formation of a viscoelastic physically crossed linked network of aggregates at the water-oil
interface [21, 22]. Asphaltenes and resins in crude oil are believed to be the main contributor
to the stability of the formation of these emulsions [23]. As the emulsions impacted the
shoreline, different types of oil deposits were observed; small surface residual balls (SSRB) on
the beach, tar mats near the shoreline, and emulsion pools on the marsh surfaces, mangroves,
and beaches [24]. SSRBs were the primary oil form observed on the supratidal portion of the
beach. They are generally spherically shaped and range from 0.5 cm to 10 cm in diameter.
SSRBs are sand: oil aggregates that are essentially oil free at the surface with a darker, oily core.
Previous characterization of the aggregates indicates that the MC252 crude oil content is
typically only 5-10% [25]. When broken up into multiple pieces, the SSRBs typically have a
distinct hydrocarbon odor, and when added to a pool of water they don’t always produce a
sheen. The fate of these SSRBs in the supratidal is unknown. Potential fate processes include
break up and dispersion of smaller pieces of the aggregate, biodegradation of crude oil
components, or photooxidation of crude oil components while on the beach.
The objective of this study is to understand the distribution and fate of emulsified crude
oil in the supratidal environment of Fourchon Beach, LA. Detailed measurements of the oiled
deposited as SSRBs on the beach were conducted and changes in the composition of the spilled
oil were used to infer fate processes. Surface coverage by SSRBs of less than 1%, as determined
by Shoreline Cleanup Assessment Technique [26], was used as the interim remedial standard
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for the supratidal at Fourchon Beach over the course of this study [27]. This study will connect
this operational definition of contamination with statistically valid measures of contamination
distribution on the supratidal. Ultimately, this will help to determine concentrations of PAHs
that humans and wildlife are exposed to, and the trajectory of ecosystem recovery.

2.2 Materials and Methods
2.2.1 Location of Study Sites
Fourchon Beach in Port Fourchon, Louisiana located approximately 100 miles south of
New Orleans, Louisiana is the location for the studies described in this paper. Figure 1 depicts a
map of Port Fourchon and the surrounding area. Port Fourchon was historically developed as
multiuse port to help facilitate the needs of the offshore oil and gas industry in Louisiana. Port
Fourchon supports over half of the crude oil drilling activity in the Gulf of Mexico and 90% of
the deepwater drilling, and more than 250 vessels travel the port’s channels everyday [28]. The
samples collected at Fourchon Beach were taken from two areas in the supratidal environment
impacted by the spill; the Zone 3 study area and the Zone 2 study area.
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Fourchon Beach

Figure 1: Aerial image of Port Fourchon, Louisiana

2.2.2 Sampling Procedures
Random and biased sampling procedures were utilized to sample oil in the supratidal
zone. These sampling procedures were conducted in 2 test areas (100’ by 100’) located north
of the beach crest in the supratidal zone approximately one mile apart. These areas were
clearly marked for research purposes and were not subject to shoreline cleanup for the
duration of our studies. Subsampling of the test areas was done by randomly selecting squares
(3’ X 3’) within the test area to reduce bias. The square locations were determined by randomly
selecting coordinates on the x-axis and y-axis of the test area. Selections were made to give
equal numbers of sample squares within 5 blocks that were approximately equidistant from the
gulf-side of the test area (0-20’; 20-40’; 40-60’; 60-80’; and 80-100’; from the front of the test
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area). If areas had been sampled previously, a new coordinate was selected. Small walkways
were established to prevent disturbance of oil in the study area by foot traffic.
Once the sample location was determined, a sampling procedure was deployed. First,
the sample area was photographed using high dynamic range imaging techniques using a digital
camera from a platform placed adjacent to the test square. Then, surface oil SSRBs and
composite samples were collected within each sample square. Surface oil SSRBs samples
consisted of 2 larger aggregates selected by the sampling team. Composite samples consisted
of the contents of the top 2” of all of the sand in the sample area. This random sampling
method was performed over 3 days in the Zone 3 study area (10/26/2010, 11/4/2010, and
11/11/2010) and 2 days in the Zone 2 study area (12/15/2010, 12/21/2010).
A biased sampling procedure was used to sample the Zone 2 study area in May 2011.
This biased sampling event occurred approximately 13 months after the spill to insure that a
sufficient number of SSRBs for chemical analysis would be sampled. Bird nesting in the sampling
area also necessitated biased sampling. Sampling squares were identified that had observable
SSRBs and the sampling procedure described above was deployed.

2.2.3 Measuring Surface Coverage and Size Distribution
High dynamic range photographs were processed in the program SigmaScan® Pro 5.0
(Systat Software, USA) to estimate the amount of oil remaining in the test areas. Output from
the image processing was 2D size distributions for SSRBs identified on the surface (area in mm2
and perimeter in mm). To ensure accuracy, images were processed by manually shading SSRBs
observed on the beach surface. Differences in color, size, and shape between the SSRBs, sand
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and shell were distinct, but automated filters for image processing were less accurate than
manual methods, particularly when the sand was wet. From this data, surface coverage (in
percent) was computed by summing the areas of the individual SSRB surface projections and
dividing by the overall area of the square.

2.3 Oil Analysis
2.3.1 Oil Extraction and Concentration
While the SRRBs collected were immediately ready for oil extraction, the composite
sand samples were placed in the greenhouse for 5-7 days to allow for drying. After the samples
were dried, they were sieved with a No. 30 USA Standard Testing Sieve (0.6 mm nominal
opening) (American Association of State Highway and Transportation Officials) [29]. The mass
of SSRBs retained on the sieve was weighed and a subsample removed for extraction and
analysis.
Subsamples were extracted in a Teflon centrifuge tube with 1:1 hexane:acetone by
tumbling for 48 hours then centrifuged and the extract passed through sodium sulfate to
remove residual water. The amount of solvent was reduced to 10 mL using either Kuderna
Danish evaporator or a RapidVap N2 evaporation system (Labconco). For the Rapid Vap system,
concentrations were performed at 70°C and the vortex speed was set at 40% of the maximum
speed, for a duration of 5-8 minutes depending on the volume of sample in the tubes.
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2.3.2 Analysis
Samples were analyzed for PAHs and alkanes using an Agilent 6890N/5973 gas
chromatography mass spectrometer (GC/MS) using the following conditions: column Agilent
MS-5, injection temperature 300°C; carrier gas, helium at 5.7 mL/minute; oven temperature
program; initial temperature 45 °C, hold for3 minutes, ramp at 6 °C/minute with a final
temperature of 315 °C with a holding time of 15 minutes and detector temperature 280 °C.
Quantitation was performed using selected ion monitoring (SIM) mode with deuterated PAHs
as internal standards.
The following PAHs were quantitated: naphthalene (NAPH), C1-naphthalenes (C1NAPH), C2-naphthalenes (C2-NAPH), acenaphthylene (ACENAPH), acenaphthene (ACE),
fluorene (FLU), C3-naphthalenes (C3-NAPH), phenanthrene (PHEN), anthracene (ANTH), C1fluorenes (C1-FLU), C4-naphthalenes (C4-NAPH), dibenzothiophene (DiBENZ), C1phenanthrenes (C1-PHEN), C2-fluorenes (C2-FLU), C1-dibenzothiophenes (C1-DiBENZ),
fluoranthene (FLUOR), pyrene, C2-phenanthrenes (C2-PHEN), C3-fluorenes (C3-FLU), C2dibenzothiophenes (C2-DiBENZ), C1-pyrene/fluoranthene, C3-phenanthrenes (C3-PHEN), C3dibenzothiophenes (C3-DiBENZ), benzo(a)anthracene (B[a]ANTH), chrysene (CHRYS), C4phenanthrenes (C4-PHEN), C1-chrysenes (C1-CHRYS), benzo(b)fluoranthene (B(b)FLUOR),
benzo(k)fluoranthene (B(k)FLUOR), benzo(a)pyrene (B[a]P), C2-chrysenes (C2-CHRYS), C3chrysenes (C3-CHRYS), dibenzo(a,h)anthracene (DI(a,h,)ANTH), benzo(g,h,i)perylene
(BENZ(g,h,i)), and indeno(1,2,3-cd)pyrene (IND(1,2,3-cd)).
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The following alkanes were analyzed: decane (C10), undecane (C11), tridecane (C13),
tetradecane (C14), pentadecane (C15), hexadecane (C16), heptadecane (C17), pristane,
octadecane (C18), n-eicosane (C20), docosane (C22), n-tetracosane (C24), n-hexacosane (C26),
n-octacosane (C28), n-tricontane (C30), n-dotricontane (C32), and n-hexatriacontane (C36).
Hopane was also analyzed along with the PAHs and alkanes.

2.4 Statistical Analysis
Distributions of three variables; percent coverage, size of the SSRBs (mm2 of projected
area), and the mass of SSRBs/m2 (g/m2) were analyzed using parametric statistical techniques.
For sample sizes less than 50, the distribution of variables (percent coverage and mass
SSRBs/m2) were tested for normality (Shapiro-Wilk test); log normality (Shapiro-Wilk test after
log transformation) or the Gamma distribution (Anderson-Darling test) at the 95% level of
confidence using Pro-UCL 4.0 (US EPA). For samples sizes greater than 50, Q-Q plots (ordered
observations plotted against theoretical distribution quartiles were used to select an
appropriate distribution. In the absence of an appropriate distribution, non-parametric
methods based on ranks were utilized.

2.5 Results and Discussion
2.5.1 Distribution of Oil on the Beach
The percent coverage of oil deposits is used operationally in Shoreline Cleanup
Assessment Technique (SCAT) as a remediation standard for the beach surface, therefore
understanding the distribution of oil on the surface and its link to concentrations is important
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to assessing risk. Two variables, surface coverage (in %) and SSRB size (in mm2) were used to
describe oil distribution. An example image from random square B9-2 in Zone 3 study area is
presented in Figure 2. Figure 3 illustrates sampling area B9-2 with the two SSRBs that were
sampled highlighted, and Figure 4 illustrates sampling area B9-2 after full image processing.
Surface coverage (%) data, computed from random one meter squared samples, were
distributed over a wide range (Table 1) suggesting that the surface coverage variable was not
normally distributed. A Shapiro-Wilk statistical test was conducted separately on the data from
each location and a merged data set that assumes all surface coverage data are from the same
population. Each Shapiro-Wilk test showed significant evidence of non-normality (95% level of
confidence). Data were log transformed (ln(X)) and the Shapiro-Wilk tests repeated. The data
from Zone 2 and the merged data set failed the test after log transformation, while Zone 3 data
passed the test for log normality. Finally, data were tested for goodness of fit with the positiveskewed, Gamma distribution which can provide a better fit for data from contaminated sites
[30, 31]. Data fit the Gamma distribution (95% level of confidence) well and mean and
standard deviation parameters computed from this distribution are presented in Table 1. The
95% upper confidence limit of the mean, typically used as a measure of the exposure point
concentration by EPA, was computed assuming the Gamma distribution and was equivalent to
~3% surface coverage for the merged data set.
Outputs from this image processing were used to determine the size distribution of the
SSRBs at the 2 study sites. Projected areas (in mm2) were computed for each SSRB in the 44
sampled squares, generated a large set of size measurements (n = 5,417). Size distributions
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were analyzed using a number of parametric goodness of fit tests in an effort to identify an
appropriate probability distribution function to describe the SSRB sizes. Normal, lognormal and
gamma distributions were tested and all failed at both the α= 0.05 and α= 0.10 level of
significance. Power transformations of the data were also attempted followed by the goodness
of fit tests for these three distributions and again, no distribution was found to fit the data.
Therefore, non-parametric methods, based on ranks, were used to describe the large datasets
(Table 2).
Zone 3 mean sizes (106.4 mm2) were larger than Zone 2 mean sizes (55.2 mm2)
(Wilcoxon-Mann-Whitney test at a = 0.05). It is unclear if this is due to time after oiling or
differences in SSRB formation conditions between the 2 study areas. We have observed
declines in sizes over longer time horizons than reported here for the Fourchon Beach site,
presumably as sand erodes from the surface of the SSRBs as they are exposed on the beach. If
we assume that the SSRBs are approximately spherical, and that the projected area in the
image represents the diameter of the sphere accurately, then areas correspond to SSRBs with
mean diameters of 11.6 mm (Zone 3) and 8.4 mm (Zone 2), respectively. These sizes are
comparable to size ranges of prey sources for piping plovers (3.2 mm to ~15 mm), one species
of wading birds that occupy these habitats [32].
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Table 1: Percent coverage of SSRBs in Fourchon Beach study areas (11/4/2010-12/21/2010)

Location
Zone 3
study area
Zone 2
study area
Total data
set

95 %-UCL3
(%)

range (%)

Number
of areas
>1%
coverage

Gamma
distribution
parameters4
(k,θ)

N

Mean (%)

Std error2
(%)

18

3.2

1.1

6.2

0.01-8.1

12

0.48, 0.07

18

0.6

0.2

1.0

0.04-3.5

4

0.70, 0.009

36

1.9

0.6

2.9

0.01-8.1

16

1

1

2

0.48, 0.04
3

mean computed from gamma distribution as kθ, standard error of the mean computed from
, 95% upper
4
confidence limit of the mean computed from Singh, Singh, and Laci (2002) and in Singh and Singh (2003), gamma
)
distribution (
determined from parameter estimation in Pro-UCL (US EPA)
( )

Table 2: Size distribution of SSRBs (in mm2 projected area) in Fourchon Beach study areas
Location

N

Mean1

Zone 3
study area
Zone 2
study area
Total data
set

3,760

1

Median

1.5-1,992

1st
quartile
30.9

62.4

3rd
quartile
128.6

113

1.6-2,151

12.6

25.6

54.4

130

1.5-2,151

22.6

47.7

105.0

106.4

Std
deviation
134

1,657

55.2

5,417

90.7

range

mean and other statistics computed from non-parametric ranks
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Figure 2: Sampling area B9-2 in Zone 3 study area. Dimensions of the image are 3 feet by 3 feet.

Figure 3: Sampling area B9-2 with SSRBs circled
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Figure 4: Sampling area B9-2 with SSRBs highlighted using the Sigma Scan Pro® program

2.5.2 Analysis of Distribution of Point Sources and Composite Averages
The analytical results of the individual SSRB and composite samples are presented in
Tables 3-6 below. Tables 3 and 5 contain the concentrations of PAHs and alkanes for the
individual SSRB samples and the composites, respectively. Tables 4 and 6 contain these same
samples normalized with respect to C30-hopane, a relatively recalcitrant biomarker present in
crude oil. These tables contain the average concentrations and standard error for each
compound on a sampling day.
The total PAHs of the individual SSRBs ranged from 5.3 mg/kg (mg of compound per kg
of the SSRB) to 20.2 mg/kg (Table 3). Total PAH concentrations of the composites ranged from
3.0 mg/kg to 16.9 mg/kg (Table 5). In both the individual SSRBs and the composites, the
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compounds, C1-PHEN, C2-DiBENZ, B[a]ANTH, and CHRYS were the dominant PAHs present.
Concentrations were not statistically different between the SSRBs and the composites
demonstrating that the large surface SSRBs were representative of the oil present in the top 2”
of the beach surface.
The total alkanes ranged from 50.5 mg/kg to 453 mg/kg for the sampled SSRBs (Table 3).
The total alkanes ranged from 6.6 mg/kg to 349 mg/kg for the composites (Table 5).
Concentrations of alkanes were much more variable and composite samples were statistically
lower than the SSRBs in the Zone 3. This suggests that some fractionation of alkanes was
occurring, possibly due to different rates of degradation in SSRBs of different sizes. The alkanes
present in the SSRBs were C15 and higher. Lighter, more volatile alkanes were not present,
consistent with volatilization, or other loss mechanism, at sea prior to reaching the coastline.
Table 4 below contains the hopane ratio for SSRBs analyzed at Zone 3 and Zone 2 study
areas. Hopane ratios (unitless) for PAHs in the SSRBs ranged from 0.92 to 3.02. For the
composites (Table 6), hopane ratios for PAHs ranged from 0.65 to 2.32. As before, the
difference in hopane ratios between the SSRBs and the composite samples were not
statistically significant at 95% level of confidence. Hopane ratios, did however, remove
variability from different rates of oiling on the beach surface. For example, the average total
PAH concentration for Zone 3 study area was 14.20 mg/kg, and for Zone 2 study area it was
7.11 mg/kg. Once the compounds were normalized to hopane, the differences between the
study areas during the November and December sampling events weren’t significant.
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For alkanes, hopane ratios ranged from 22.8 to 238.8 for the SSRBs while the composite
samples ranged from 13.8 to 168.9. Alkane concentrations were much more variable than PAH
data. In several locations, composite alkane samples were statistically lower than the larger
SSRBs. This confirms that fractionation of alkanes was occurring, possibly due to different rates
of biodegradation in SSRBs of different sizes.

2.5.3 Relationship between Surface Coverage and Concentration
Measurements of concentration and surface coverage on the individual test plots can be
used to correlate mass and areal coverage to better understand risk. Figure 5 below illustrates
the correlation between the percent coverage of oil in a sampling square and the mass of said
oil across both study areas. The correlation (r2) of the relationship is 0.62. According to Figure
5 at 1% coverage, which is the maximum oil coverage standard determined by the Unified
Command, an oil mass of 105.71 g would be expected. This mass can be multiplied by known
concentrations of oil at Fourchon Beach to get the total amount of PAHs and alkanes in a given
sampling area. This makes Figure 5 a useful tool for predicting contaminant levels on Fourchon
Beach based on the mass of oil in a given area.

2.6 Conclusion
The contamination of MC252 oil on Fourchon Beach is of ecological significance, and
plays an important role in determining cleanup efforts and ecosystem impact. Examining the
distribution of oil is useful in determining the total oil coverage of Fourchon Beach, and if
cleanup efforts need to be incorporated to reduce the total coverage below the 1% standard
determined by the SCAT team.
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The percent coverage at Zone 3 study area was approximately 3 times the 1% coverage
standard, while Zone 2 study area was below the standard. There were 16 test areas above the
standard, suggesting oil is still widely distributed across Fourchon Beach. The results from this
work suggest that cleanup efforts need to be continued at Fourchon Beach to decrease the
distribution of oil. Total PAH concentrations of oil taken from the samples in Zone 2 and 3
demonstrated signs of little to no degradation over time, while alkanes decreased significantly.
These results suggest alkanes are degrading over time and will continue to degrade, but the
lack of degradation of PAH is cause for concern.
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Figure 5: Percent coverage and mass of oil in the supratidal zone of Fourchon Beach
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Table 3: PAH and alkane concentration averages of SSRBs collected at Fourchon Beach study
areas

Sampling
Dates
N
PAHs
PHEN
C1-PHEN
C2-DiBENZ
B[a]ANTH
CHRYS
C2-CHRYS
C3-CHRYS
B[a]P
Total PAHs
Alkanes
C16
C17
pristane
C18
C20
C22
C24
C26
C28
C30
C32
C36
Total
Alkanes

Compound Averages SSRBs Concentration (mg/kg) ± S.E.
Zone 3 study area
Zone 2 study area
10/26/2010
11/4/2010
11/11/2010
12/15/2010
12/21/2010
5/18/2011
5

12

14

10

9

8

0.61 ± 0.07
4.33 ± 1.12
0.08 ± 0.05
0.58 ± 0.26
0.58 ± 0.25
0.27 ± 0.01
0.26 ± 0.01
0.49 ± 0.04
8.95 ± 1.13

0.83 ± .015
8.16 ± 1.26
1.86 ± 0.34
2.00 ± 0.40
1.82 ± 0.35
0.36 ± 0.10
0.31 ± .10
0.84 ± .16
20.22 ± 2.64

0.45 ± 0.08
4.32 ± 0.99
1.20 ± 0.26
0.99 ± 0.24
1.00 ± 0.20
0.29 ± 0.11
0.29 ± 0.08
0.58 ± 0.17
13.42 ± 2.43

0.59 ± 0.14
0.20 ± 0.10
0.14 ± 0.06
1.93 ± 0.27
1.83 ± 0.22
0.40 ± 0.08
0.40 ± 0.08
0.91 ± 0.13
8.87 ± 0.97

0.42 ± 0.06
0.08 ± 0.06
0.31 ± 0.15
1.76 ± 0.31
1.60 ± 0.23
0.29 ± 0.01
0.28 ± 0.01
0.73 ± 0.06
7.19 ± 0.91

0.46 ± 0.04
0.09 ± 0.06
0.07 ± 0.03
0.93 ± 0.19
0.92 ± 0.17
0.27 ± 0.02
0.27 ± 0.02
0.55 ± 0.04
5.26 ± 0.55

1.23 ± 0.50
12.98 ± 3.42
12.84 ± 3.39
7.76 ± 1.76
36.95 ± 6.82
41.21 ± 7.16
33.04 ± 5.68
29.16 ± 8.33
18.70 ± 2.99
20.15 ± 3.36
19.72 ± 3.52
11.33 ± 1.57
245.06 ±
41.32

2.91 ± 1.04
28.86 ± 5.37
24.72 ± 6.59
21.36 ± 1.48
105.31 ± 10.52
10.09 ± 1.42
86.50 ± 7.90
12.09 ± 1.76
36.35 ± 5.77
49.06 ± 5.08
49.73 ± 5.13
25.80 ± 3.07
453.05 ± 44.29

0.98 ± 0.28
13.67 ± 2.51
12.92 ± 2.66
11.62 ± 2.51
54.03 ± 13.67
30.23 ± 20.89
60.32 ± 24.26
43.67 ± 34.22
42.68 ± 27.23
38.82 ± 19.85
39.76 ± 20.91
31.21 ± 18.95
379.92 ±
184.61

1.42 ± 0.57
22.33 ± 5.25
21.49 ± 4.97
25.24 ± 5.48
72.88 ± 18.46
33.01 ± 14.10
33.64 ± 13.89
17.46 ± 4.72
38.57 ± 11.51
43.69 ± 12.30
43.84 ± 13.01
35.14 ± 7.54
388.80 ±
85.39

0.25 ± 0.16
11.91 ± 3.72
11.53 ± 3.61
21.07 ± 5.57
56.60 ± 22.16
9.79 ± 1.98
44.80 ± 21.52
8.10 ± 2.08
32.92 ± 10.71
31.95 ± 10.80
32.13 ± 11.39
23.21 ± 4.21
284.27 ±
85.99

0.00± 0.00
1.01 ± 0.35
0.93 ± 0.36
2.88 ± 0.64
3.67 ± 2.03
2.29 ± 0.49
5.19 ± 2.86
6.44 ± 3.36
4.91 ± 2.03
7.18 ± 1.85
6.03 ± 1.91
9.96 ± 1.81
50.51 ±
16.62
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Table 4: PAH/hopane and alkane/hopane concentration averages of SSRBs collected at
Fourchon Beach study areas

Sampling
Dates
N
PAHs
PHEN
C1-PHEN
C2DiBENZ
B[a]ANTH
CHRYS
C2-CHRYS
C3-CHRYS
B[a]P
Total
PAHs
Alkanes
C16
C17
pristane
C18
C20
C22
C24
C26
C28
C30
C32
C36
Total
Alkanes

Hopane Ratio Averages SSRBs ± S.E.
Zone 3 study area
Zone 2 study area
10/26/2010
11/4/2010
11/11/2010
12/15/2010
12/21/2010

5/18/2011

5

12

14

10

9

8

0.14 ± 0.04
0.81 ± 0.15
0.02 ± 0.01

0.10 ± 0.02
1.22 ± 0.39
0.27 ± 0.10

0.08 ± 0.03
1.08 ± 0.61
0.16 ± 0.03

0.24 ±0.12
0.06 ± 0.04
0.04 ± 0.03

0.13 ± 0.07
0.02 ± 0.01
0.13 ± 0.06

0.09 ± 0.02
0.01 ± 0.00
0.01 ± 0.01

0.17 ± 0.07
0.17 ± 0.08
0.07 ± 0.02
0.07 ± 0.02
0.12 ± 0.03
2.00 ± 0.31

0.32 ± 0.11
0.28 ± 0.09
0.04 ± 0.01
0.04 ± 0.01
0.12 ± 0.04
3.02 ± 0.92

0.14 ± 0.03
0.14 ± 0.02
0.04 ± 0.01
0.04 ± 0.01
0.09 ± 0.03
2.23 ± 0.84

0.57 ± 0.20
0.57 ± 0.17
0.15 ± 0.07
0.15 ± 0.07
0.32 ± 0.11
2.97 ± 0.83

0.53 ± 0.25
0.48 ± 0.23
0.09 ± 0.04
0.09 ± 0.04
0.20 ± 0.09
2.19 ± 0.96

0.16 ± 0.04
0.16 ± 0.04
0.05 ± 0.01
0.05 ± 0.01
0.09 ± 0.02
0.92 ± 0.18

0.64 ± 0.25
7.44 ± 1.33
7.35 ± 1.32
4.55 ± 0.57
22.26 ± 1.26
24.94 ± 0.90
20.02 ± 0.50
18.70 ± 4.13
11.44 ± 0.12
12.29 ± 0.32
11.89 ± 0.44
7.21 ± 0.61
148.73 ± 3.96

2.11 ± 0.93
17.42 ± 5.72
16.52 ± 6.11
10.16 ± 1.52
54.92 ± 12.56
4.39 ± 0.48
43.29 ± 8.76
6.45 ± 1.86
20.81 ± 5.73
24.99 ± 5.43
25.60 ± 5.71
11.90 ± 1.79
238.75 ±
55.48

0.77 ± 0.20
8.57 ± 1.48
7.82 ±1.62
7.35 ± 1.03
30.18 ± 3.83
6.73 ± 2.59
25.32 ± 2.87
5.51 ± 1.77
10.05 ± 1.68
13.55 ± 1.38
13.39 ± 1.39
9.69 ± 1.13
138.96 ±
15.64

0.96 ± 0.41
12.98 ± 3.78
12.44 ± 3.57
13.76 ± 3.58
41.63 ± 13.11
14.37 ± 7.25
14.78 ± 6.91
9.34 ± 2.84
23.35 ± 7.44
23.29 ± 7.75
23.76 ± 8.17
17.40 ± 3.62
208.11 ± 53.59

0.15 ± 0.09
7.27 ± 2.53
7.00 ± 2.43
12.26 ± 3.79
38.21 ± 17.14
5.53 ± 1.41
31.05 ± 16.50
5.08 ± 1.70
21.33 ± 7.99
20.58 ± 8.28
20.75 ± 8.70
13.34 ± 2.95
182.55 ± 67.72

0.00 ± 0.00
0.51 ± 0.20
0.47 ± 0.21
1.48 ± 0.28
1.38 ± 0.50
1.15 ± 0.17
1.98 ± 0.69
2.53 ± 0.80
2.08 ± 0.51
3.43 ± 0.42
2.74 ± 0.47
5.07 ± 0.51
22.84 ± 3.39
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Table 5: PAH and alkane concentration averages of composite samples collected at Fourchon
Beach study areas

Sampling
Dates
N
PAHs
PHEN
C1-PHEN
C2-DiBENZ
B[a]ANTH
CHRYS
C2-CHRYS
C3-CHRYS
B[a]P
Total PAHs
Alkanes
C16
C17
pristane
C18
C20
C22
C24
C26
C28
C30
C32
C36
Total Alkanes

Compound Averages Composite (mg/kg) ± S.E.
Zone 3 study area
Zone 2 study area
10/26/2010
11/4/2010
11/11/2010
12/15/2010 12/21/2010
5/18/2011
2

8

10

10

8

8

0.59 ± 0.17
4.14 ± 4.11
1.84 ± 1.81
1.88 ± 1.69
1.66 ± 1.31
0.25 ± 0.00
0.25 ± 0.00
0.40 ± 0.40
13.80 ± 11.18

0.45 ± 0.03
0.17 ± 0.10
0.39 ± 0.32
1.10 ± 0.55
1.05 ± 0.44
0.26 ± 0.01
0.25 ± 0.01
0.44 ± 0.09
5.93 ± 1.92

0.80 ± 0.23
5.89 ± 1.84
1.15 ± 0.44
2.27 ± 0.42
2.09 ± 0.33
0.36 ± 0.09
0.35 ± 0.09
0.77 ± 0.13
16.86 ± 3.14

0.36 ± 0.06
0.08 ± 0.08
0.17 ± 0.12
0.98 ± 0.19
0.99 ± 0.15
0.26 ± 0.01
0.25 ± 0.01
0.58 ± 0.04
4.86 ± 0.67

0.45 ± 0.02
0.32 ± 0.30
0.33 ± 0.22
1.28 ± 0.29
1.23 ± 0.22
0.26 ± 0.01
0.25 ± 0.01
0.59 ± 0.05
6.16 ± 1.06

0.41 ± 0.02
0.00 ± 0.00
0.03 ± 0.01
0.30 ± 0.05
0.36 ± 0.06
0.25 ± 0.01
0.25 ± 0.01
0.40 ± 0.02
3.01 ± 0.15

1.13 ± 1.13
13.52 ± 13.52
13.30 ± 13.30
13.02 ± 13.02
59.19 ± 57.43
5.91 ± 3.69
52.70 ± 50.49
7.39 ± 4.51
19.85 ± 18.01
19.71 ± 16.42
19.36 ± 17.37
4.32 ± 0.57
229.40 ± 209.46

0.01 ± 0.01
4.53 ± 2.69
4.47 ± 2.65
2.56 ± 1.70
10.89 ± 6.54
13.27 ± 9.26
13.17 ± 10.73
16.67 ± 10.59
9.53 ± 5.83
13.04 ± 7.31
12.51 ± 7.68
5.80 ± 1.85
106.45 ±
62.51

1.94 ± 0.59
19.26 ± 5.62
17.65 ± 5.58
16.61 ± 4.67
69.52 ± 17.52
18.37 ± 6.19
63.74 ± 14.70
23.37 ± 6.10
30.38 ± 7.29
35.06 ± 7.32
34.98 ± 7.78
17.40 ± 4.46
348.72 ±
71.97

0.00 ± 0.00
0.49 ± 0.32
0.48 ± 0.31
1.19 ± 0.72
0.87 ± 0.37
1.16 ± 0.47
0.97 ± 0.41
1.50 ± 0.58
1.25 ± 0.50
3.66 ± 0.91
2.67 ± 0.84
5.60 ± 1.18
19.85 ±
5.39

0.00 ± 0.00
1.30 ± 0.83
1.26 ± 0.81
2.08 ± 1.16
2.76 ± 2.25
1.05 ± 0.49
3.25 ± 2.46
1.62 ± 0.80
2.91 ± 1.88
4.42 ± 2.01
3.73 ± 1.98
6.18 ± 1.89
30.57 ±
15.51

0.00 ± 0.00
0.02 ± 0.02
0.02 ± 0.02
0.16 ± 0.16
0.19 ± 0.13
0.28 ± 0.16
0.32 ± 0.16
0.52 ± 0.22
0.34 ± 0.17
1.99 ± 0.19
0.61 ± 0.22
2.14 ± 0.81
6.59 ± 1.97
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Table 6: PAH/hopane and alkane/hopane concentration averages of composite samples
collected at Fourchon Beach study areas

Sampling
Dates
N
PAHs
PHEN
C1-PHEN
C2-DiBENZ
B[a]ANTH
CHRYS
C2-CHRYS
C3-CHRYS
B[a]P
Total PAHs
Alkanes
C16
C17
pristane
C18
C20
C22
C24
C26
C28
C30
C32
C36
Total Alkanes

Hopane Ratio Averages Composite ± S.E.
Zone 3 study area
Zone 2 study area
10/26/2010
11/4/2010
11/11/2010
12/15/2010
12/21/2010
5/18/2011
2

8

10

10

8

8

0.29± 0.25
0.25 ± 0.21
0.12 ± 0.08
0.22 ± 0.02
0.31 ± 0.14
0.17 ± 0.15
0.17 ± 0.15
0.02 ± 0.02
2.32 ± 0.66

0.12 ± 0.04
0.01 ± 0.00
0.02 ± 0.01
0.15 ± 0.03
0.18 ± 0.04
0.07 ± 0.02
0.07 ± 0.02
0.12 ± 0.03
1.04 ± 0.23

0.10 ± 0.03
0.69 ± 0.39
0.10 ± 0.03
0.26 ± 0.08
0.27 ± 0.07
0.08 ± 0.04
0.08 ± 0.04
0.15 ± 0.06
2.17 ± 0.67

0.05 ± 0.02
0.01 ± 0.00
0.01 ± 0.01
0.11 ± 0.01
0.13 ± 0.01
0.04 ± 0.01
0.04 ± 0.01
0.09 ± 0.01
0.65 ± 0.08

0.12 ± 0.07
0.02 ± 0.02
0.03 ± 0.01
0.15 ± 0.02
0.18 ± 0.05
0.07 ± 0.04
0.07 ± 0.04
0.12 ± 0.05
0.98 ± 0.24

0.34 ± 0.09
0.00 ± 0.00
0.02 ± 0.00
0.18 ± 0.02
0.29 ± 0.07
0.21 ± 0.05
0.21 ± 0.05
0.32 ± 0.07
2.28 ± 0.34

0.31 ± 0.31
3.72 ± 3.72
3.65 ± 3.65
3.58 ± 3.58
19.29 ± 12.77
5.43 ± 2.79
18.27 ± 10.09
6.97 ± 3.70
8.61 ± 1.80
11.06 ± 1.13
8.73 ± 1.36
7.62 ± 6.27
97.24 ± 23.39

0.01 ± 0.01
0.94 ± 0.55
0.92 ± 0.54
0.98 ± 0.65
2.22 ± 0.96
2.08 ± 0.88
2.07 ± 0.97
3.13 ± 1.19
1.96 ± 0.68
3.74 ± 0.78
2.62 ± 0.80
4.59 ± 1.22
25.26 ± 7.00

1.18 ± 0.65
10.80 ± 5.98
9.80 ± 5.66
8.19 ± 4.02
33.58 ± 15.08
8.52 ± 3.12
29.39 ± 11.60
10.21 ± 2.88
14.05 ± 5.55
17.95 ± 5.39
16.28 ± 5.96
8.75 ± 2.34
168.95 ± 62.15

0.00 ± 0.00
0.19 ± 0.12
0.19 ± 0.12
0.50 ± 0.27
0.78 ± 0.40
1.09 ± 0.59
1.07 ± 0.63
1.35 ± 0.70
1.24 ± 0.55
3.69 ± 1.30
2.69 ± 1.08
4.74 ± 0.93
17.55 ± 5.43

0.00 ± 0.00
0.49 ± 0.31
0.48 ± 0.30
0.81 ± 0.44
0.99 ± 0.78
0.43 ± 0.18
1.19 ± 0.85
0.68 ± 0.32
1.10 ± 0.66
2.91 ± 1.25
1.78 ± 0.70
3.02 ± 0.71
13.86 ± 5.15

0.00 ± 0.00
0.01 ± 0.01
0.01 ± 0.01
0.09 ± 0.09
0.62 ± 0.55
0.77 ± 0.64
0.79 ± 0.58
1.12 ± 0.53
0.80 ± 0.52
5.69 ± 1.65
1.20 ± 0.59
3.84 ± 2.07
14.93 ± 6.11
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Chapter 3 – Compositional Changes of MC252 Crude Oil across Coastal Headland
Beach Microenvironments
3.1 Deepwater Horizon Spill and Coastal Headland (Fourchon) Contamination
On April 20, 2010, the oil rig, Deepwater Horizon, located 45 miles southeast of Venice,
Louisiana at Mississippi Canyon block 252 (MC252) in the Gulf of Mexico exploded and sank
causing a release of crude oil. An estimated 60,000 barrels per day of crude oil was released
into the Gulf of Mexico from April 20, 2010 to July 15, 2010 [17]. Oil from the explosion
impacted a large area of the northern portion of the Gulf of Mexico and eventually reached the
coast lines of Louisiana, Mississippi, Alabama, and Florida, exposing harmful contaminants in
the crude oil to wildlife and humans. Many potential environmental and health concerns arose
because of the fate and transport and the toxicological effects of the spilled crude oil. When oil
is spilled or released, the concentrations of the components that comprise crude oil, fate and
transport processes, and the topography of the area determine how much of the crude oil will
volatilize, biodegrade, emulsify, and persist in the environment. The oiling of coastal headlands
from the BP oil spill was especially important because of the quantity of oil that covered
beaches after the spill and the importance of these habitats to the region.

3.1.1 Coastal Headland Beach Microenvironments
The coastal headland Fourchon Beach is comprised of the several distinct
microenvironments determined primarily by elevation and proximity to the surf: the subtidal,
intertidal and supratidal beach zone. The intertidal zone is the area of beach that is exposed to
air during periods of low tide and is submerged underwater during periods of high tide [19].
The intertidal zone of a beach is especially vulnerable to crude oil contamination from a spill
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because of its proximity to the shoreline [33]. Once onshore, most stranded oil accumulates in
the intertidal zone with more oil accumulation occurring further up the intertidal zone [20].
Understanding the compositional changes of MC252 crude oil across the coastal headland
impacted by the Deepwater Horizon spill and dynamics of oil contamination in these
microenvironments is critical to establishing a rate of recovery.

3.1.2 Beach Zones and Dynamics of Oil Contamination
The intertidal zone, supratidal zone, and subtidal zones of Fourchon Beach were
contaminated with crude oil from the Deepwater Horizon oil spill beginning on or around May
20th, 2010. The hydrocarbon concentrations in the intertidal zone of beaches have been
documented at many orders of magnitude higher than the subtidal regions [34]. The intertidal
portion of the beach is the focus of this paper due to its heavy contamination and susceptibility
to hydrocarbon concentrations as high as 10,000 to 30,000 µg g-1 [34]. Supratidal zones at
Fourchon Beach were also impacted via oil moved over the beach during heavy tidal action
during Hurricane Alex and Tropical Storm Bonnie in the months immediately after the spill.
Oil contamination and cleanup in the intertidal portion of a beach comprised mostly of
sand, like Fourchon Beach, is generally impacted by three basic factors: depth of oil penetration
into the sand, potential of burial of oiled layers by clean sand, and the ability of the sand to
support equipment [33].
The depth of oil penetration into the sand and the potential of burial of oiled layers by
clean sand are controlled by the beach morphology and transport of beach sand. Depending on
how fine or coarse the beach sand is, oil contaminated beaches can demonstrate the following
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behavior: oil can cover the entire intertidal areas with oil being lifted off of the lower portion of
the beach with the rising tide, oil can penetrate the sand to depths of 60 cm and more during
the first few weeks after exposure, burial over 1 meter is possible at the beginning of the
accretionary period, large amounts of oil can accumulate at the berm runnel where it is unable
to drain off of the beach at low tide, and much of the oil can be removed during storm events
[33].

3.1.3 Differences in Micro-environments on the Beach
When oil reaches the intertidal zone of a beach the characteristics of the micro
environment can be quite different depending on whether or not the oil is located on the
surface or subsurface. Unburied, or surface oil, deposited in the intertidal zone is affected by
weathering processes such as, evaporation, dissolution, and microbial oxidation, particularly oil
deposited in the middle to upper portions of this zone [20, 35]. Weathering processes are more
effective in this portion of the intertidal zone because it receives the maximum tidal flushing
and wave action [20]. The degree to which dissipation or degradation will take place is
dependent on the energy levels at the shoreline and the types of substrates present on the
beach [20]. In some low energy settings, sediments in the water column can dissipate stranded
oil through oils-fines interactions (OFI) or oil-mineral aggregate (OMA) interaction [20, 36].
When oil percolates through sand on a beach and is incorporated into the sand or when
it is deeply buried, weathering rates are considerably reduced [20, 35, 37]. Three important
factors affecting subsurface oil weathering are: limited nutrient availability to sustain oil
biodegradation, low oxygen availability and the absence of light, reducing rates of photo and
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chemical oxidation, and a low ratio of surface area and volume of the oil in oil saturated
sediments which reduces dissolution and evaporation rates of compounds [37]. Consequently,
PAHs found in buried oil can retain their toxicity over a magnitude of years to decades [35].
This is especially troublesome for marine organisms that excavate on beaches for food and
foraging purposes because this increases their exposure time to toxic compounds found in
crude oil.

3.1.4 Objectives of the Study
The objective of this thesis is to understand the compositional changes of crude oil in
the intertidal environment of Port Fourchon Beach, LA. Detailed measurements of the chemical
composition of the oil deposited on the surface and subsurface of the beach were evaluated to
infer fate processes occurring on the beach. Ultimately, this will help to determine
concentrations of PAHs and alkanes that humans and wildlife are exposed to, and it will help us
to determine when the oil will be degraded and the ecosystem recovery complete.

3.2 Materials and Methods
3.2.1 Study Sites
Fourchon Beach in Port Fourchon, Louisiana located approximately 100 miles
south of New Orleans, Louisiana is the location for the studies described in this paper. Port
Fourchon was historically developed as multiuse port to help facility the needs of the offshore
oil and gas industry in Louisiana. Port Fourchon supports over half of the crude oil drilling
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activity in the Gulf of Mexico and 90% of the deepwater drilling, and more than 250 vessels
travel the ports channels everyday [28].
Fourchon Beach was one of the first areas contaminated from the oil spill, and is host to
several industries (recreational and commercial shrimping, oyster harvesting, and fishing) that
were affected by the oil spill. Crude oil emulsions and tar balls from the BP Deepwater Horizon
oil spill started contaminating Fourchon Beach within a month of the oil spill, and are still being
washed up on the beach as of August 2011. Contamination of Fourchon Beach includes sand,
vegetation, and wildlife located in the Beach from the shoreline to the beach crest and from the
beach crest to the marsh including the saltpan. The samples collect at Fourchon Beach were
taken from nine different zones that comprise Fourchon Beach.

3.2.2 Selecting Random Test Pits on Beach
Fourchon Beach is divided into nine different zones. Samples were taken at each of
these zones to determine the amount of oil remaining in the intertidal zone of the beach. The
process utilized to collect samples was similar to one used after the Exxon Valdez oil spill. This
process was developed by the SCAT team to determine how much oil was buried in the sand.
The method was created to compensate for the lack of obvious subsurface oil that is visible
over time [38].

3.2.3 Test Pit Procedure
A rectangular test area 100 m lengthwise along the shoreline and a width equal to the
distance from the shoreline to the beach crest was used for random sampling in each of the
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nine zones in Fourchon Beach. A random number statistical table was used to determine 1m by
1m sample locations within each test area and approximately 12 to 20 sample locations were
evaluated per test area. For each 1 m by 1 m sample location, surface samples were collected
and labeled. Following surface sample collection, a test pit was dug in the 1 m by 1 m sample
location to the clay layer or the saturated water layer of the beach, whichever was reached
first. Each test pit was observed for the presence of oil and samples were collected during the
digging process. In addition to the samples obtained from the test pits, oil in the form of small
tarballs within 0.5-1 meters of the shoreline were also collected to determine the mass of this
oil form present on the test area on the sampling day.

3.3 Oil Analysis
3.3.1 Extraction and Concentration
Samples were extracted in a Teflon centrifuge tube with 1:1 hexane:acetone by
tumbling for 48 hours then centrifuged and the extract passed through sodium sulfate to
remove residual water. The amount of solvent was reduced to 10 mL using either Kuderna
Danish evaporator or a RapidVap N2 evaporation system (Labconco). For the Rapid Vap system,
concentrations were performed at 70°C and the vortex speed was set at 40% of the maximum
speed, for a duration of 5-8 minutes depending on the volume of sample in the tubes.

3.3.2 Analysis
Samples were analyzed for PAHs and alkanes using an Agilent 6890N/5973 gas
chromatography mass spectrometer (GC/MS) using the following conditions: column Agilent
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MS-5, injection temperature 300°C; carrier gas, helium at 5.7 mL/minute; oven temperature
program; initial temperature 45 °C, hold for3 minutes, ramp at 6 °C/minute with a final
temperature of 315 °C with a holding time of 15 minutes and detector temperature 280 °C.
Quantitation was performed using selected ion monitoring (SIM) mode with deuterated PAHs
as internal standards.
The following PAHs were quantitated: naphthalene (NAPH), C1-naphthalenes (C1NAPH), C2-naphthalenes (C2-NAPH), acenaphthylene (ACENAPH), acenaphthene (ACE),
fluorene (FLU), C3-naphthalenes (C3-NAPH), phenanthrene (PHEN), anthracene (ANTH), C1fluorenes (C1-FLU), C4-naphthalenes (C4-NAPH), dibenzothiophene (DiBENZ), C1phenanthrenes (C1-PHEN), C2-fluorenes (C2-FLU), C1-dibenzothiophenes (C1-DiBENZ),
fluoranthene (FLUOR), pyrene, C2-phenanthrenes (C2-PHEN), C3-fluorenes (C3-FLU), C2dibenzothiophenes (C2-DiBENZ), C1-pyrene/fluoranthene, C3-phenanthrenes (C3-PHEN), C3dibenzothiophenes (C3-DiBENZ), benzo(a)anthracene (B[a]ANTH), chrysene (CHRYS), C4phenanthrenes (C4-PHEN), C1-chrysenes (C1-CHRYS), benzo(b)fluoranthene (B(b)FLUOR),
benzo(k)fluoranthene (B(k)FLUOR), benzo(a)pyrene (B[a]P), C2-chrysenes (C2-CHRYS), C3chrysenes (C3-CHRYS), dibenzo(a,h)anthracene (DI(a,h,)ANTH), benzo(g,h,i)perylene
(BENZ(g,h,i)), and indeno(1,2,3-cd)pyrene (IND(1,2,3-cd)).
The following alkanes were analyzed: decane (C10), undecane (C11), tridecane (C13),
tetradecane (C14), pentadecane (C15), hexadecane (C16), heptadecane (C17), pristane,
octadecane (C18), n-eicosane (C20), docosane (C22), n-tetracosane (C24), n-hexacosane (C26),
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n-octacosane (C28), n-tricontane (C30), n-dotricontane (C32), and n-hexatriacontane (C36).
Hopane was also analyzed along with the PAHs and alkanes.

3.4 Results and Discussion
3.4.1 Surface Oil (SSRBs)
Understanding the degradation of oil deposits at Fourchon Beach is important because
of the long term risk to humans and wildlife that occupy the beach. Concentrations of PAHs
and alkanes were taken over a period time to determine the amount of degradation, if any,
which was occurring at Fourchon Beach. Only samples with a hopane concentration greater
than 1 mg/kg are represented in the figures below.
The total alkanes/hopane ratio for SSRBs (small surface residual balls) in the supratidal
zone ranged from 139 to 239 for the two month sampling period between October, 2010 and
December, 2010. During May, 2011, sampling event, the total alkanes/hopane decreased by
greater than 80% (Figure 6), suggesting the possibility of oil degradation. The total
alkanes/hopane ratio in Figure 7 ranged from 2.71 to 38.50. There appears to be no significant
evidence of degradation in this data. Figure 10 illustrates the total alkanes/hopane ratio for
both the intertidal and supratidal zones of Fourchon Beach. By comparing this data together it
is event that there is significant degradation over time.
The total PAHs/hopane ratio in Figure 8 ranged between 2.00-3.02 for the first five
sampling dates, and a ratio of 0.92 for the sixth sampling event. Four of the five ratios recorded
a result of less than 3. This would infer that a small amount of degradation occurred from the
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first five sampling events to the final sampling event. The total PAHs/hopane ratio in Figure 9
ranged between 0.44-1.51. There appears to be no significant evidence of degradation in this
data. Figure 11 illustrates the Total PAHs/hopane ratio for both the intertidal and supratidal
zones of Fourchon Beach. The samples collected in the intertidal zone of the beach are half of
the concentration of those in the supratidal zone. This would indicate that degradation is
taking occurring in these samples.
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Figure 6: Supratidal zone total alkanes/hopane ratio concentration of SSRBs
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Figure 7: Intertidal zone total alkanes/hopane ratio concentration of SSRBs
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Figure 8: Supratidal zone total PAHs/hopane ratio concentration of SSRBs
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Figure 9: Intertidal zone total PAHs/hopane ratio concentration of SSRBs
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Figure 10: Total alkanes/hopane ratio concentration of SSRBs
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Figure 11: Total PAHs/hopane ratio concentration of SSRBs on Fourchon Beach

3.4.2 Buried Oil from Selected Pits
Figures 12 and 13 illustrates the alkane and PAH concentrations respectively
with respect to time and distance from the shoreline of the beach. Only samples with a hopane
concentration greater than 1 mg/kg are represented in the figures. The colors of the markers in
the graphs correspond with different ranges of concentrations. For Figure 12, blue represents
0.00-15.00, green represents 15.01-30.00, yellow represents 30.01-45.00, and red represents
45.01 and greater. For Figure 13, blue represents 0-1.50, green represents 1.51-3.00, yellow
represents 3.01-4.50, and red presents 4.51 and greater. The diamond symbols in the figures
represents “typical” samples taken at each sampling area, while triangles represent tarmat
samples taken from the sampling areas. In Figure 12, the samples taken within 15 meters of
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the shoreline from early May to August demonstrate more signs of degradation. Samples taken
from February to April within 15 meters of the shoreline demonstrate fewer signs of
degradation. In Figure 13, samples demonstrate more signs of degradation the closer they are
taken to the shoreline and chronologically the further away from the spill they are.
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Figure 12: Total alkanes/hopane ratio concentrations dependent on distance and time for
samples collected in the intertidal zone of Fourchon Beach
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Figure 13: Total PAHs/hopane ratio concentrations dependent on distance and time for samples
collected in the intertidal zone of Fourchon Beach

3.4.3 Surface Oil (Tarballs)
Figures 14 and 15 illustrate the total PAHs/hopane and alkanes/hopane concentrations
of tarballs with respect to time collected from Fourchon beach. Only samples with a hopane
concentration greater than 1 mg/kg are represented in the graphs below. In Figure 14, the
average total PAH/hopane decreased by approximately 45% between April and June 2011, and
decreased further to approximately 67% by August, 2011, implying the possibility of
degradation. In Figure 15, the average concentration for the samples collected in April and May
is 72.66, the average concentration for the samples collected in June is 79.08, and the average
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concentration for the samples collected in August is 5.51. These calculations would imply that
alkanes are degrading in the tarballs collected at Fourchon Beach.
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Figure 14: Total PAHs/hopane ratio concentrations dependent over time for samples collected
in the intertidal zone of Fourchon Beach
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Figure 15: Total alkanes/hopane ratio concentrations dependent over time for samples
collected in the intertidal zone of Fourchon Beach

3.5 Conclusion
The contamination of MC252 oil on Fourchon Beach is of ecological significance and the
differences in environments on the beach plays an important role in how quickly oil will
degrade. Determining what location on the beach oil degrades faster can help to accelerate the
cleanup process. The fate of oil in the intertidal zone of the beach was examined and
compared to determine if there was difference in the amount of time degradation was
occurring.
SSRBs demonstrated significant degradation between samples collected in the intertidal
and supratidal zones. Buried oil in the intertidal zone of the beach demonstrated more
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degradation for samples collected closer to the beach and later chronologically for total
alkanes/hopane ratios. The total PAHs/hopane ratio concentrations demonstrated no
recognizable pattern for degradation with respect to time and distance from the shoreline
samples were collected. Tarballs from the intertidal zone demonstrated a pattern of decreasing
concentrations for both the total alkanes/hopane and the total PAHs/hopane ratio.
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Chapter 4 - Conclusion
4.1 Conclusions and Future Work
The environmental impact of oil spills to coastal ecosystems is potential devastating.
Samples collected on Fourchon Beach after the Deepwater Horizon oil spill were analyzed to
determine the distribution and fate of the oil. It was determined from these analyzed samples
that oil in Zones 3 and 4 had coverage greater than 1%, and that oil is degrading in some areas
of the beach. This research should be continued to determine the long term effects of oil on
Fourchon, and determine how long it takes for oil to decrease to under the threshold of 1%
coverage.
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